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APPARATUS AND METHOD FOR DISPENSING PROCESSING 
FLUID TOWARD A SUBSTRATE SURFACE 

Technical Field 

The present invention is a spray tool and method for dispensing a 
processing fluid toward a substrate surface, such as a semiconductor wafer. More 
particularly, the present invention is a spray processor for dispensing ozonated water 
toward a surface of a semiconductor wafer, the tool having a nozzle configured to 
dispense the ozonated water at an angle relative to a plane containing the surface of the 
wafer that is impacted by the ozonated water. 

Background of the Invention 

Ozone has long been recognized as a useful chemical commodity valued 
particularly for its outstanding oxidative activity. In fact, ozone is the fourth strongest 
oxidizing chemical known, having an oxidation potential of 2.07 volts. Because of this 
property, ozone and/or fluid mixtures including ozone are capable of removing a wide 
variety of contaminants, such as for example cyanides, phenols, and detergents, from 
surfaces. Also, ozone and/or fluid mixtures including ozone are capable of oxidizing 
surfaces. In particular, ozonated water is used to "clean", i.e., oxidize, the surface of 
silicon wafers in-process in the semiconductor industry. Additionally, ozone is also 
useful for inhibiting, reducing and/or eliminating the accumulation of undesired materials, 
such as biomass, mold, mildew, algae, fungi, bacterial growth and scale deposits in 
various aqueous solution systems. When used in this manner, ozonation provides the 
advantage of producing a lesser quantity of potentially harmful residues than, e.g., 
chlorination. which leaves undesirable chlorinated residues in aqueous systems. 

Because of this wide range of activity, ozone finds application in many 
diverse processes. Ozone, for example, has been used as a biocide for the treatment of 
drinking water. Additionally, ozone is used for sterilization in the brewing industry, and 
for odor control purposes in the sewage treatment industry. Ozonated water also finds 
wide utility in the semiconductor industry, where for example, ozone is used to clean and 
surface condition in-process silicon wafers. Additionally, as is described in U.S. Patent 
5,378,317. ozonated water is used to remove organic materials, such as photoresist, from 
the surface of silicon wafers. Moreover, ozonated water is used in the semiconductor 
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industry to form a thin ; passivating oxide layer on the surface of silicon wafers. 

The use of ozonated water provides several advantages in these 
applications. First of all, because ozonated water is generated at the point of use, it is 
relatively free of contaminants, i.e., particles and metals, that are typically present in 
chemicals that are stored in barrels or drums. Ozonated water is also less expensive than 
other oxidizing chemicals and furthermore, since ozonated water naturally decomposes, 
the use of ozonated water presents few disposal issues. However, the effectiveness of 
ozone in each of these applications is adversely affected by its low solubility and short- 
half life (approximately 10 minutes) in aqueous solutions. That is, not only is it difficult 
to dissolve ozone in an aqueous solution, but also, once dissolved, it is difficult to 
maintain the ozone in solution. 

Several methods of increasing the quantity of dissolved ozone in aqueous 
solutions are known. For example, bubbling ozone directly into water at ambient 
pressure has been used as a method to dissolve ozone in aqueous solutions. Additionally, 
published European patent application No. EP 0 430 904 Al discloses a process for 
producing ozonated water comprising the step of contacting, within a vessel of defined 
volume, an ozone-containing gas with fine droplets of water. Methods utilizing cooling 
to increase the quantity of dissolved ozone in aqueous solutions have also been proposed. 
For example, U.S. Patent No. 5,186,841 discloses a method of ozonating water 
comprising injecting ozone through an aqueous stream across a pressure drop of at least 
35 psi. The ozonated stream is then combined with a second stream that is preferably a 
portion of an aqueous solution which is recirculating in a cooling water system. The 
resultant stream is forced to flow at a velocity of 7 feet per second for a distance 
sufficient to allow 70% of the ozone to be absorbed. Additionally, U.S. Patent No. 
4,172,786 discloses a process for increasing the quantity of dissolved ozone in an aqueous 
solution by injecting an ozone containing gas into a side stream conduit which circulates a 
portion of cooling water. The ozone-injected water is then mixed with the cooling water 
in a tower basin, thereby ozonating the water. Finally, U.S. Patent 5.464.480 discloses a 
process for removing organic materials from semiconductor wafers using ozonated water. 
Specifically, this patent teaches that high ozone concentration water, suitable for use in 
the disclosed process may be obtained by mixing ozone and water at a temperature of 
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from about 1°C to 15°C. 

An improved method for increasing and maintaining the quantity of ozone 
dissolved in a liquid is described in commonly assigned co-pending U.S. Patent 
Application Serial No. 08/960,277, filed October 29, 1997, the entire disclosure of which 
is incorporated by reference in its entirety for all purposes. The '277 application 
discloses a pressurized vessel into which a stream of gas, such as ozone, is introduced to 
contact and dissolve in an amount of liquid, such as ultrapure deionized water, and an 
outlet that dispenses a stream of the ozonated liquid under sufficiently gentle conditions 
such that an increased quantity of ozone dissolved in the liquid stream is dispensed. 

Spray processing tools and methods for dispensing a stream of liquid-used 
to clean a substrate surface are well known and in use in the a variety of industries, 
including the semiconductor industry. For example, the MERCURY® centrifugal spray 
processor, commercially available from FSI International, Chaska, Minnesota, includes a 
horizontal turntable that supports one or more semiconductor wafers and a vertical spray 
post that dispenses one or more processing chemicals. The processor includes vertical 
supports on the turntable for supporting semiconductor wafer cassettes. The spray post is 
fluidly coupled to one or more reservoirs containing the chemical(s) to be dispensed, and 
includes one or more nozzles positioned on the spray post out of which each chemical is 
dispensed. The chemical exits the spray post nozzle in a direction that is perpendicular to 
the vertical spray post and parallel to the horizontal turntable. The processing chemical 
impacts the one or more semiconductor wafers supported by the turntable to carry out the 
desired treatment. The turntable can be rotated independent of the spray post to distribute 
the stream of processing chemical over the semiconductor wafer. Such a processing tool 
is advantageously used, for example, to strip photoresist from the semiconductor wafer. 
The use of ozonated water for such a photoresist stripping application is widely used due 
to the oxidative qualities of ozone described above. 

The strip rate in such an application is dependent not only on the ozone 
content in the liquid stream, but it is also strongly dependent upon the flow rate of the 
ozonated water over the substrate processed by the stream of ozonated water, i.e. the 
semiconductor wafer. This suggests that increasing the flow rate of the ozonated water 
over the substrate to be processed should improve the strip rate of the ozonated water. 
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One method for increasing the flow of ozonated water over the substrate surface is to 
increase the rate at which the stream of ozonated water is dispensed from the spray post. 
As described above, however, it can be difficult to maintain the concentration of ozone 
dissolved in a liquid and the conditions under which the ozonated water is dispensed car 
directly affect the concentration of the ozone in the liquid stream. Accordingly, 
increasing the flow of ozonated water from an ozonated water generation system (such as 
is described above) typically reduces the concentration of ozone in the ozonated water 
stream. This, in turn, can negatively impact the strip rate rather than increasing the strip 
rate as is desired. 

Thus, there is a continuing need for a more efficient processing tool and 
method of dispensing a stream of processing fluid, such as ozonated water, at a point of 
use. In particular, a tool and method that increases the efficiency of the processing fluid, 
such as for example a tool and method that increases the strip rate of the ozonated water, 
would be especially advantageous. 

Summary of the Invention 

The present invention advantageously provides an approach for more 
efficiently processing a surface of a substrate with a processing fluid. The principles of 
the present invention described above and in more detail below advantageously increase 
the efficiency by which a processing fluid is used, which accordingly decreases the 
amount of time it takes to process a substrate surface. For example, in an application 
where a stream of ozonated water is used to strip photoresist from a semiconductor wafer, 
the present invention provides for an increased amount of ozonated water to be applied to 
a surface to be processed, and provides an increased effective flow rate of the ozonated 
water across the wafer surface than is presently achievable without significant adverse 
effect, if any, on the concentration of the ozone in the stream of ozonated water. The 
increased amount of ozonated water and the increased effective flow rate of the ozonated 
water enhances the efficiency of the stripping process, which reduces the amount of time 
necessary to remove the photoresist from the wafer, thus improving the overall efficiencv 
of the semiconductor preparation process. 

In a first aspect of the present invention, a spray processor is used to 
process a surface of a semiconductor wafer. The spray processor includes a nozzle that is 
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fluidly coupled to a source of processing fluid. The nozzle dispenses the processing fluid 
toward a surface of one or more semiconductor wafers. The stream of processing fluid is 
dispensed at a non-parallel angle from the plane containing the surface(s) of the 
semiconductor wafer(s). The spray processor can include a rotatable turntable that 
directly or indirectly supports the one or more semiconductor wafers, and the nozzle can 
be positioned on a spray post that is located near the center of the turntable. In such an 
embodiment, the stream of ozonated water is generally directed toward an inner edge of 
the semiconductor wafer that is nearest the spray post as the wafer passes through the 
stream of processing fluid. The processor can include a plurality of nozzles, which can be 
positioned on the spray post, each of which dispenses a stream of processing fluid toward 
one or more semiconductor surfaces at an angle that is inclined from the plane of the 
semiconductor wafer surface(s). The angle of incidence of each of the streams can be 
greater than 0 degrees and less than 90 degrees, with a preferred range of angles being 
greater than 0 degrees and less than or equal to about 30 degrees. Even more preferably, 
the range of incidence angles can be greater than or equal to about 5 degrees and less than 
or equal to about 20 degrees The angle at which a stream of fluid is dispensed from a 
given nozzle can be substantially the same, or different as desired, as the angle of each of 
the other streams of processing fluid dispensed by the other nozzles. 

Alternatively, instead of positioning the nozzle on a central spray post, the 
nozzle of the spray processor can be positioned adjacent a rotating turntable on which a 
semiconductor wafer is supported. In such an embodiment, one or more semiconductor 
wafers can be positioned over the axis of rotation of the turntable, and the stream of 
processing fluid is dispensed at an incidence angle to impact the wafers at a point 
generally near the edge of the wafer with sufficient momentum to carry the fluid to a 
point on the wafer near the axis of rotation of the turntable. As with the embodiment 
described above, a plurality of nozzles can be provided, which can be positioned on a 
spray post, and each of which dispense a stream of processing fluid that is inclined at an 
angle relative to the plane of the surface(s) of one or more semiconductor wafer(s). The 
angle of each stream of fluid dispensed by the nozzles can be different or can be 
substantially the same as the angle of the other streams of fluid. 

In either such embodiment, the processing fluid can advantageously 
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comprise ozonated water, such as for removing photoresist from a surface of the 
semiconductor wafer. 

Another aspect of the invention is a method for dispensing ozonated water 
toward a substrate surface for processing the substrate surface. The method includes the 
steps of providing a substrate having a surface that exists in a plane and causing a stream 
of ozonated water to be dispensed toward the plane containing the substrate surface at an 
angle that is inclined from the plane of the surface. In one embodiment, the method 
includes providing one or more semiconductor wafers that are received and supported by 
a spray processor, the processor having a rotatable turntable and a nozzle that is fluidly 
coupled to a source of ozonated water. The angled stream of ozonated water is dispensed 
from the nozzle toward the surface of the semiconductor wafer. The turntable can be 
rotated to move the semiconductor wafer into and through the stream of ozonated water, 
and the nozzle can be positioned as desired for a specific application. For example, the 
nozzle can be positioned on a spray post, and the spray post can be located over the center 
of the turntable. The stream of ozonated water can then be dispensed to impact the 
surface of the semiconductor wafer at a point near an edge of the semiconductor wafer 
adjacent the spray post. The rotation of the turntable thus distributes the ozonated water 
across the surface of the semiconductor wafer. Alternatively, the spray post can be 
positioned adjacent the turntable and the semiconductor wafer can be positioned over the 
axis of rotation of the turntable. In such an embodiment, the stream of ozonated water is 
directed to impact the semiconductor wafer at a point generally near the edge of the wafer 
with momentum sufficient to carry the ozonated water to a point on the wafer near the 
axis of rotation of the turntable so that the rotation will distribute the ozonated water 
across the surface of the wafer. 

Brief Description of the Drawings 

The above mentioned and other advantages of the present invention, and 
the manner of attaining them, will become more apparent and the invention itself will be 
better understood by reference to the following description of the embodiments of the 
invention taken in conjunction with the accompanying drawings, wherein: 

Figure 1 is a schematic side view of a centrifugal spray processor having a 
center spray post in accordance with the present invention for dispensing processing fluid at a 
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semiconductor wafer surface: 

Figure 2 is a side view of spray post with portions broken away to illustrate 
the nozzles of the spray post; 

Figure 3 is a schematic side view of a centrifugal spray processor having a 
side spray post in accordance with the present invention for dispensing processing fluid at a 
semiconductor wafer surface; 

Figure 4 is a schematic side view of a centrifugal spray processor having a 
side spray post and a center spray post in accordance with the present invention for 
dispensing processing fluid at a semiconductor wafer surface; and 

Figure 5 is a schematic side view of an immersion type wet bench processor in 
accordance with the present invention for dispensing processing fluid toward a 
semiconductor wafer surface. 

Detailed Description of the Presently Preferred Embodiments 

The embodiments of the present invention described below are not 
intended to be exhaustive or to limit the invention to the precise forms disclosed in the 
following detailed description. Rather the embodiments are chosen and described so that 
others skilled in the art may appreciate and understand the principles and practices of the 
present invention. 

The present invention can be used to dispense a processing fluid toward a 
substrate in an application wherein the desired effect caused by the processing fluid on 
the substrate depends, at least in part, upon the flow rate of the processing fluid over the 
substrate surface. The present invention is particularly advantageous in an application 
where simply increasing the rate at which the processing fluid is dispensed either 
negatively impacts the efficacy of the processing fluid or increases costs. For the 
purposes of illustration, the principles of the present invention will be described in 
connection with the dispensing of one or more streams of ozonated water toward one or 
more semiconductor wafers to strip photoresist from a surface of each of the one or more 
semiconductor wafers. It is contemplated, however, that the principles described herein 
can be used to dispense ozonated water for any number of processing applications, or to 
dispense any processing fluid toward a surface of a substrate, particularly when the 
interaction between the processing fluid and the substrate surface is dependent at least in 
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part upon the flow rate of the fluid over the surface. 

Referring now to Figures 1 and 2. a centrifugal spray processor 10 in 
accordance with the present invention is shown. Spray processor 10 includes processing 
chamber 2 defined by housing 3 and lid 4. A turntable 12 is rotatably mounted in 
processing chamber 2 upon shaft 1 1 such that turntable 12 is rotatable about axis 14 of 
shaft 1 1. Processor 10 can include a support, such as one or more uprights 16. that are 
adapted to receive one or more semiconductor wafers 19. In the embodiment shown, 
semiconductor wafers 19 are supported in cassettes 18, which are received by uprights 16. 
Other structures for supporting semiconductor wafers 19 can of course be used. 

Processor 10 further includes a spray post 20, which is fluidly coupled to a 
reservoir 40 containing a processing fluid 42 (e.g. ozonated water in this embodiment). 
In practice, ozonated water is typically generated on demand and thus reservoir 40 can 
comprise an ozonator though which deionized water is passed in order to dissolve ozone 
in the water. In the embodiment shown, spray post 20 is attached to lid 4 of processor 10, 
and is positioned near the axis 14 of turntable 12. In this manner, turntable 12 (and thus 
cassettes 1 8 and semiconductor wafers 19) rotate around axis 14 independently of the 
spray post 20. Spray post 20 delivers processing fluid 42 onto wafers 19 through one or 
more nozzles 22 on spray post 20 which, as is shown, are fluidly connected to reservoir 
40 through supply line 41 . Of course, spray post 20 can be fluidly connected to one or 
more additional reservoirs of processing liquids, if desired. 

More particularly, during wafer processing, the turntable 12 and cassettes 
18 containing semiconductor wafers 19 rotate about the axis of shaft 14 as processing 
fluid 42 is sprayed on the wafers 19. The rotation of the cassettes 18 and the centrifugal 
forces generated by the rotation help to distribute the chemical solutions over the surface 
of the semiconductor wafers 19. This technique, referred to as "centrifugal spray 
processing/ 1 is commonly used to condition wafer surfaces at different stages in the 
semiconductor device manufacturing process. One such application of centrifugal spray 
processing is the stripping of photoresist on a semiconductor wafer surface. In such an 
application, ozonated water generated by any of the means described above in the 
Background section is preferably used due to the strong oxidative qualities of ozone. 

The rate at which the photoresist on the wafer surface is removed is 
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dependent upon the effective rate at which the ozonated water flows over the surface of 
wafers 19. In a conventional processing application, a stream of processing fluid such as 
ozonated water, is dispensed from a nozzle, such as for example in a centrifugal spray 
processor, in a direction parallel to the semiconductor wafer surface. In such an 
application, the ozonated water is directed over both major surfaces of the semiconductor 
wafers. The rotation of the turntable on which the wafers are supported helps to distribute 
the ozonated water over both major surfaces of the semiconductor wafers. As described 
in greater detail below, however, this is often an inefficient use of the processing fluid, 
particularly when it is desired to process only one major surface of each of the 
semiconductor wafers. 

The processor 10 of the present invention provides for increased effective 
flow rate of one or more streams 30 of ozonated water over the semiconductor wafers 19 
with a more focused and beneficial distribution of the ozonated water over the surface of 
semiconductor wafers 19 specifically desired to be impacted by the ozonated water. For 
example, in a photoresist stripping application, photoresist is typically only present on 
one side of a semiconductor wafer 19. The present invention focuses the application of 
the stream 30 of ozonated water by directing a substantial portion of stream 30 to the 
surface of wafer 19 to be processed (i.e. the surface containing the photoresist) rather than 
to both surfaces of semiconductor 19. As described in greater detail below, the focused 
application of stream 30 of ozonated water on the surface of semiconductor wafer 10 
provides a greater effective flow rate of ozonated water across the surfaces of the wafers 
19, without actually increasing the real flow rate of ozonated water discharged through 
the nozzle. This can increase the rate at which the photoresist is stripped from the 
surfaces of the wafers 19 without loss of ozone content that would tend to result with an 
increased real flow rate. 

More particularly, and as perhaps best seen in Figure 2, spray post 20 
includes a plurality of nozzles 22 that each include an orifice 24 through which a stream 
30 of ozonated water is dispensed. Each nozzle 22 and its orifice 24 is configured to 
dispense stream 30 of ozonated water at an incidence angle of a toward surfaces 21 of 
semiconductor wafers 19 that contain photoresist (and are thus desired to be processed) 
rather than in a direction parallel to the semiconductor wafers 19. as is commonly used in 
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the semiconductor industry. That is ? as compared to the plane in which the surface of the 
semiconductor wafers 19 are located, the stream of ozonated water 30 is dispensed from 
the orifice 24 of one of the plurality of nozzles 2£ at incidence angle of a. In this manner, 
the stream 30 impacts the surface of wafers 19 at incidence angle a. As used herein, 
incidence angle refers to the smaller of the two angles between the substrate surface (e.g. 
the surface 21 of a wafer 19 that is impacted by the ozonated water) and the stream of 
processing fluid (e.g. the stream 30 of ozonated water). While Figures 1 and 2 show a 
spray processor 10 having a spray post 20 with a plurality of nozzles 22, each of which 
dispense an independent stream 30 of ozonated water at the same incidence angle a, it is 
contemplated that any nozzle 22 and its orifice 24 can be configured to dispense a stream 
30 of ozonated water at an incidence angle that is different from the incidence angles at 
which the streams of ozonated water are dispensed from one or more of the other nozzles 
and orifices of the spray processor. 

In the present embodiment, spray post 20 includes a mounting flange 
portion 26 that is coupled to processor 10, such as through lid 4 as shown in Figure 1, and 
a nozzle portion 28. The plurality of nozzles 22 are distributed along a length of nozzle 
portion 28, and are fluidly coupled to a source 40 of ozonated water 42 through a 
longitudinal passage 32 that extends along a length of spray post 20. Longitudinal 
passage 32 can be fluidly coupled to supply line 41 at input 43 at the flange portion 26 of 
spray post 20 to receive ozonated water 42 from reservoir 40 in a conventional manner. 

The orifice 24 of each nozzle 22 is configured to dispense ozonated water 
in a stream 30 that is inclined at the incidence angle a (e.g. inclined from horizontal in a 
typical embodiment). In the embodiment shown in Figure 1, orifice 24 of nozzle 22 
comprises a passage 34 connected to longitudinal passage 32 that is angled from the plane 
parallel to the surface of wafers 19 to be impacted by the desired incidence angle a. 
Given the generally vertical nature of spray post 20 in Figure 1, this plane is also thus 
perpendicular to the longitudinal axis of the spray post 20. In this manner a stream 30 of 
ozonated water is dispensed from nozzle 22 at the desired incidence angle a and impacts 
surface 21 of wafers 19 at the incidence angle a. 

Each nozzle 22 and its orifice 24 are preferably adapted to dispense the 
ozonated water under sufficiently gentle conditions to maximize the amount of ozone 
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remaining in the stream 30 of ozonated water after discharge from nozzle 22. For 
example, it has been found that minimizing the ratio of surface area to volume of a stream 
of ozonated liquid helps to maintain the quantity of ozone in the stream of liquid to the 
desired point of use (i.e. the surface of the wafers 1 9). The nozzles 22 are thus configured 
in such a manner that the stream 30 of ozonated water dispensed from a given nozzle 22 
comprises a flow of ozonated water having a low ratio of surface area to volume. See, for 
example, commonly assigned and co-pending U.S. patent application serial no. 
08/960,277, the disclosure of which has been incorporated herein by reference. 

It is contemplated that streams 30 of ozonated water dispensed by nozzles 
22 can comprise any kind of flow of ozonated water, such as a continuous stream of fluid, 
an atomized stream of fluid, or any combination thereof. In the embodiment shown in 
Figure 2, orifice 24 of each nozzle 22 is configured to eject a continuous stream 30 of 
ozonated water. That is, the configuration of passage 34 coupled to passage 32 in spray 
post 20 will create a continuous, preferably cylindrical stream 30 of ozonated water fluid, 
which is presently preferred due to the low surface area to volume ratio of such a stream 
and the simplicity of generating such a stream of processing fluid. Alternatively, the 
stream of ozonated water dispensed from any given nozzle can comprise an appropriately 
atomized spray of ozonated water having a low ratio of surface area to volume in the 
droplets of the atomized spray. Such an atomized spray can be created by a nozzle 
having two or more orifices, through each of which a flow of ozonated water is directed 
in such a manner that the flows impact each one another to cause atomization of the 
flows, and thus create the atomized stream of ozonated water. A spray post having a triad 
of orifices for creating and gently dispensing a stream of atomized ozonated water is 
described in commonly assigned co-pending application Serial No. 08/960,277, the 
disclosure of which has been incorporated herein by reference. It is further contemplated 
that nozzles 22 can be configured as a spray jet, a fan jet, or a combination thereof, as 
desired by a specific application. 

While processor 10 is shown in use with a spray post 20 that includes a 
plurality of nozzles 22, it is contemplated that one or more nozzles coupled to reservoir 
40 of processing fluid 42 can also be used in addition to or independent of spray post 20. 
That is, a plurality of nozzles that are integrated into a spray processor, such as for 
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example by being mounted directly to the side of the housing or extending from the lid 
over the semiconductor wafers, can be used to dispense a stream of processing fluid in 
accordance with the principles of the present invention. 

In a representative embodiment, a Mercury® spray processor commercially 
available from FSI International of Chaska, MN was modified to dispense a plurality of 
streams 30 of ozonated water from a spray post 20 at an incidence angle a. In this 
example, thirty four individual nozzles 22 were positioned on the spray post 20, each 
nozzle being spaced approximately 0.25 inches apart from a neighboring nozzle 22 in the 
longitudinal direction along a length of nozzle portion 28 of spray post 20. This spacing 
between the individual nozzles 22 corresponds to a preferred spacing of 0.25 inches" 
between a plurality of 8 inch semiconductor wafers 19 supported in cassettes 1 8. Spacing 
the nozzles 22 from one another by the same amount as the spacing of the wafers 19 
provides better registration between the individual streams 30 of ozonated water and the 
individual wafers 19 in that a single stream 30 can be specifically aimed at a specific 
wafer 19. The spacing between nozzles can also advantageously be one-half of the 
spacing between individual wafers 19, which provides for two streams 30 to contact a 
specific wafer 19. While two representative spacings for nozzles 22 are described herein, 
the nozzles 22 can, of course, be spaced as desired for a given application. 

The orifice 24 of each nozzle 22 was created to be circular in cross- 
sectional area having a diameter of 0.07 inches. The nozzles 22 were configured to 
dispense ozonated water at an incidence angle of 20 degrees, although other angles, e.g. 
30 degrees, have been found to provide satisfactory performance. 

In such an embodiment, 14 liters per minute of ozonated water was 
dispensed through the thirty four nozzles 22 of spray post 20, which equates to a 
discharge of ozonated water from each individual nozzle 22 at approximately 2.75 meters 
per second. This flow rate of ozonated water substantially removed a 1 .0 micron thick 
layer of photoresist, such as TOK-2450-6cP type photoresist commercially available from 
OHKA America Inc., DoylestownPA 1890L from the surfaces 21 of semiconductor 
wafers 19 in approximately 900 seconds. This strip time represents a 40% improvement 
over a spray processor where streams of ozonated water were dispensed by a spray post at 
an incidence angle of 0 degrees (i.e. substantially parallel to the semiconductor wafers 
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19). 

While specific dimensions and flow rates for the spray processor 1 0 are 
provided above, it is to be understood that other configurations and applications for 
processor 10, including the dimensions of the components and the operating parameters 
of the processor, can be used without departing from the spirit and scope of the present 
invention. 

Figure 3 illustrates an alternative spray processor 1 10 in accordance with 
the principles of the present invention. Many of the features of spray processor 1 10 are 
similar to the features shown in Figure 1 and described above, with such features 
designated with similar reference numbers incremented by 100. Spray processor 1 tO 
includes a turntable 1 12 rotatably mounted to shaft 1 1 1 having an axis of rotation 1 14. 
Semiconductor supports, such as uprights 1 16 (only one of which is visible in Figure 3), 
are adapted to receive a plurality of semiconductor wafers 119. Spray processor 1 10 
includes a side spray post 120 that is mounted to the side of housing 103 of processor 1 10 
and that is fluidly coupled to reservoir 140 through supply line 141. 

Side spray post 120 can be used to dispense one or more streams 130 of 
ozonated water from reservoir 140 to provide "on-center" application of ozonated water 
to semiconductor wafers 1 19 wherein the ozonated water is carried via its momentum to a 
point near the center of the semiconductor wafers 119. In such an application, the wafers 
1 19 are supported by uprights 1 16 and are positioned over the axis 1 14 of rotation of 
turntable 1 12. Nozzles 122 of spray post 120 dispense a plurality of streams 130 of 
ozonated water at an incidence angle p that is inclined to be non-parallel relative to the 
plane of the surfaces of wafers 1 19. While each of the plurality of streams 130 of 
ozonated water are each shown as being dispensed at the same incidence angle 3 as the 
other streams 130, the nozzles 122 of processor 1 10 can be configured to dispense one or 
more of streams 130 at a different incidence angle than one or more of streams 130 if 
desired. 

Streams 130 of ozonated water are preferably applied to the wafers at a 
region at or near the edge of the wafers 1 19 with sufficient momentum to carry the 
ozonated water near the axis of rotation 1 14 of the turntable 1 12. That is, the nozzles 122 
of spray post 120 are configured to aim the streams 130 of ozonated water generally 
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toward the edge portion of the wafers 119, and by dispensing the streams 130 at the 
incidence angle (J, sufficient momentum is imparted to the ozonated water to carry the 
ozonated water to a point on the wafers that is at or near the axis 1 14 of turntable 112. In 
a preferred embodiment, wafers 1 19 are positioned on turntable 1 12 such that the center 
of the wafers is located over axis 1 14, and streams 130 are thus carried via the 
dispensation momentum toward the center of wafers 119. 

To provide momentum sufficient to carry the ozonated water of streams 
130 to the axis of rotation 1 14, the incidence angle P of a given stream 130 may be 
shallower than the incidence angle a in an application where a center spray post is used 
(such as is shown in Figure 1 and described above), particularly when it is necessary to 
direct one or more streams 130 between a series of stacked wafers 1 1 9. That is, the 
incidence angle p is relatively shallow to allow the momentum of the streams 130 to carry 
the ozonated water to the center regions of the stacked wafers 119. By directing the 
stream 130 of ozonated water to such a point and permitting the momentum of the stream 
130 carry the ozonated water to a position near the point of rotation of wafers 1 19 (i.e. the 
center of the semiconductor wafers 119), the centrifugal forces created by the rotating 
turntable 1 12 can more evenly distribute the ozonated water over the surfaces of the 
wafers 119. This in turn enhances the efficiency of the etching of the photoresist (or 
other processing step) from the surface of the semiconductor wafers. 

In such an application where the streams 130 of ozonated water are aimed 
to impact at or near the edge of the wafers 119 with sufficient momentum to cany the 
ozonated water to a region on the wafers 1 19 near the axis 1 14 of rotation, the speed at 
which the turntable 1 12 rotates should be controlled to prevent the centrifugal forces 
generated by the rotating turntable 1 12 from being sufficiently large to prevent the 
transport of the ozonated water from the edge of wafers 1 19 to the desired point by the 
momentum of streams 130. It is also contemplated that the streams 130 can be aimed to 
impact the region of the wafers 1 19 near the axis 1 14, in which case the rotation of the 
turntable 1 12 will be less critical to the proper delivery of the ozonated water. 

In a representative example, processor 1 10 can be configured in such a 
manner that the incidence angle P at which any one of the streams 130 of ozonated water 
is dispensed is greater than 0 degrees and less than 90 degrees, and more preferably 
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ranges between greater than 0 degrees and 30 degrees. Even more preferably, the 
incidence angle for an on-center application is greater than or equal to 1 degree and less 
than or equal to 5 degrees from the plane of the semiconductor wafers 1 19. Twenty nine 
individual nozzles 122 were provided on side pray post 120, each having a circular orifice 
through which ozonated water is dispensed that is 0.070 inches in diameter. The nozzles 
122 were spaced 10 millimeters apart from each other, which corresponds to a preferred 
spacing between a stack of twelve inch semiconductor wafers 119. As described above in 
connection with processor 10, matching the spacing of the nozzles 122 with the spacing 
of the wafers 119 advantageously provides good registration between an individual 
stream 130 of ozonated water and a specific wafer 1 19, although the nozzles 122 can be 
spaced as desired for a desired application. 

The nozzles 122 were configured to dispense ozonated water at an 
incidence angle of about 2 degrees. Fourteen liters per minute of ozonated water was 
dispensed through the twenty nine nozzles 122 of spray post 120, which equates to a 
discharge of ozonated water from each individual nozzle 122 of about 3.25 meters per 
second. Revolution speeds ranging between 10 and 100 revolutions per minute have been 
found to be acceptable. In such an embodiment, a 0.7 inch thick layer of photoresist was 
substantially removed from the surfaces of wafers 1 19 in 960 seconds. 

Another embodiment of a spray processor 210 in accordance with the 
present invention is schematically illustrated in Figure 4. Many of the features of spray 
processor 210 are similar to the features of spray processor 10 shown in Figure 1 and 
described above, with such features designated with similar reference numbers 
incremented by 200. Spray processor 210 includes a turntable 212 rotatably mounted to 
shaft 21 1 having an axis of rotation 214. Semiconductor supports, such as uprights 216, 
are adapted to receive a plurality of semiconductor wafers 219, which can be supported 
by cassettes 218. Spray processor 210 includes both a center spray post 220 mounted to 
lid 204 and positioned over the center of turntable 212, and a side spray post 320 mounted 
to the side of housing 203, each of which are fluidly coupled to a reservoir 240 through 
supply lines 241, and which can respectively dispense angled streams 230 and 330, 
respectively, of ozonated water from reservoir 240. That is, streams 230 are dispensed 
from nozzles 222 of spray post 220 at an incidence angle a relative to the surface of the 
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semiconductor wafers 219, and streams 330 are dispensed from nozzles 322 of spray post 
320 at an incidence angle p relative to the surface of the semiconductor wafers 219. 

The incidence angles a and (J of streams 230 and 330 can be optimized to 
fit a desired application. More particularly, a and P can be the same or they can be 
different, depending on the number and the position of the wafers 219 on the turntable 
212. Moreover, while a plurality of streams 230 dispensed at the same incidence angle a 
is shown in Figure 4, it is contemplated that any stream 230 can be dispensed at a 
different incidence angle than the other streams 230. Similarly, any of the streams 330 
can be dispensed at the same or different incidence angles P as the other streams 330. 

Another embodiment of a processor 3 1 0 is shown in Figure 5. Processor 
310 includes a vessel 312 that is suitably sized so as to be capable of enclosing one or 
more semiconductor wafers 319 for processing. Alternatively, vessel 312 can be 
configured as an open bath for receiving semiconductor wafers for processing. A spray 
post 320 having a plurality of nozzles 322 is fluidly coupled to reservoir 340 of ozonated 
water, and spray post 320 is positioned to dispense a stream 330 of ozonated water each 
of the nozzles 322. In accordance with the principles of the present invention, nozzles 
320 are sized and positioned to dispense stream 330 of ozonated water toward a surface 
of wafers 3 19 in a direction that is non-parallel and inclined from the surface of wafers 
3 19 by an incidence angle a. The incidence angle a of any stream 330 can be the same 
or it can be different as desired for a particular application. The nozzles 322 of processor 
3 10 can be configured as spray jets to help distribute the streams 330 of ozonated water 
over the surface of wafers 319. Alternative methods for aiding the distribution of 
ozonated water can also be used, including translation of the spray post 320 along its 
longitudinal axis, rotation of the spray post 320 about its longitudinal axis, translation of 
the wafers 3 1 9, or rotation of the wafers 3 1 9. 

The dispensing of the stream of ozonated water from a nozzle at an 
incidence angle measured relative to the surfaces of the semiconductor wafers, as shown 
in the different embodiments of Figures 1-5 and described above, provides significant 
advantages over previous spray processors and methods for dispensing a processing fluid 
toward a substrate surface. Recall that conventionally, ozonated water is dispensed from 
a spray processor in a direction parallel to the semiconductor wafer surfaces supported by 
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the spray processor. In such an application, the ozonated water is directed toward and 
flows over both major surfaces of entire semiconductor wafers. In an application such as 
stripping photoresist from a single surface of the semiconductor wafer, directing ozonated 
water to flow over both major surfaces of the semiconductor wafers is inefficient in that a 
portion of the ozonated water does not contact any photoresist. Moreover, directing the 
ozonated water toward a surface that does not have photoresist necessarily reduces the 
amount of ozonated water that is directed toward the surface containing the photoresist. 
The reduced amount of ozonated water applied to the surface desired to be processed 
reduces the efficacy of the ozonated water, due in large part to the reduced amount of 
ozonated water flowing over the surface to be processed. In addition, the velocity of the 
flow of ozonated water in such an application over the wafer surfaces can vary 
considerably as the flow moves over the wafers, and it can be difficult to control the 
distribution of the ozonated water over a semiconductor wafer, partially due to the 
uprights that support the wafer cassettes, which as mentioned above in connection with 
the on-center spray processor 1 10 shown in Figure 2 block a portion of the stream of 
ozonated water. It can also be difficult to evenly distribute ozonated water across the 
wafer since the centrifugal forces caused by the rotating turntable will force the ozonated 
water on the surface of the wafers away from the point of application and toward the 
outer edges of the wafer. 

A spray processor in accordance with the principles of the present 
invention as described above overcomes these shortcomings in that a more direct 
application of the stream of processing fluid is generated. That is, in the example 
described, dispensing streams of ozonated water at an angle of incidence relative to the 
surface of a semiconductor that is desired to be processed provides a more focused, and 
thus beneficial application, of ozonated water to the surfaces of the semiconductor wafers. 
Substantially all of the ozonated water will be directed to the desired surface to be 
processed through the dispensing the stream of ozonated water at an angle of incidence, 
which will in turn increase the amount of ozonated water that contacts the desired 
surfaces of the semiconductor wafers as compared to conventional processors. A greater 
amount of ozonated water applied to the surface will increase the rate at which photoresist 
is stripped due to the greater amount of ozone placed in contact with the layer of 
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photoresist. 

It is also believed that increasing the mass of the ozonated water on the 
surfaces of the wafers advantageously increases the effective flow rate of the ozonated 
water across the surface of the wafer, particularly in an application where centrifugal 
forces are used to distribute the ozonated water across the semiconductor wafer. The 
centrifugal forces generated by the rotating turntable generally cause the processing fluid 
applied to the wafer surfaces to "sheet" across the surfaces of the wafer. An increase in 
the mass of ozonated water applied to a wafer surface, however, such as is provided by 
the present invention, will create a greater "sheeting" action of the ozonated water across 
the surfaces of the wafers. That is, by applying a greater amount ozonated water ttra 
desired point of application on the semiconductor wafers, a higher effective flow rate of 
the ozonated water across the surfaces of the wafers can be generated as the centrifugal 
forces experienced by the wafers distributes the ozonated water. Applying the ozonated 
water at an incidence angle relative to the surfaces of the semiconductor wafers thus 
increases the effective flow rate of the ozonated water across the surface of the wafers, 
which increases the rate at which the photoresist on the wafer surface is removed by the 
ozonated water as compared to conventional processors. This in turn leads to a more 
efficient overall wafer manufacturing process. 

In an application where a center spray post is used, such as is illustrated in 
Figure 1, the stream 30 of ozonated water from each nozzle 22 can be aimed to contact 
the semiconductor wafers 19 at or just over edges of the wafers 19 nearest the axis of 
rotation 14 of the turntable 12. The centrifugal forces generated by the rotation will help 
distribute the ozonated water away from this point of application and over the surface of 
th^ wafer 19. In applications where both a side spray post and a center spray post are 
used, the point of application of the stream 30 of ozonated water can be optimized 
independently for each post as desired. 

It is contemplated that the incidence angle a and or (J, as the case may be ? 
be greater than 0 degrees and less than 90 degrees as measured from the plane of the 
semiconductor surface, and the incidence angles a and or (J can be optimized as necessary 
for a desired application. As described above, an incidence angle of between 0 degrees 
and 30 degrees has been found to produce increased photoresist stripping, with an 
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incidence angle of 20 degrees being presently preferred, in a center spray post application 
such as is shown in Figure 1. In an on-center spray post application, such as is shown in 
Figure 3, a shallower incidence angle is preferred so as to be able to direct the stream of 
ozonated water toward the wafers with sufficient momentum to carry the ozonated water 
to the point of rotation of the wafers. An incidence angle p of approximately 2 degrees is 
presently preferred for such an application. 

As is described in commonly assigned application entitled "METHOD FOR 
TREATING A SUBSTRATE WITH HEAT SENSITIVE AGENTS" identified by attorney 
docket number 15676 - 218430 and filed concurrently with the present application, the 
entire disclosure of which is incorporated by reference in its entirety for all purposes, 
processors in accordance with the principles of the present invention and described above 
can also advantageously be used with one or more streams of an additional processing 
fluid that contacts the surface of the wafers. This second processing fluid is preferably 
heated to a temperature above that of the first processing fluid to raise the temperature of 
the semiconductor wafers. The second processing fluid can be directed to a surface of the 
semiconductor opposite that surface that is impacted by the inclined stream of the first 
processing fluid (e.g. the surface not containing the photoresist in a photoresist stripping 
application). Heating the semiconductor surface with the second processing fluid can 
improve the efficiency of the processing step performed by the processor. 

Although the present invention has been described with reference to 
preferred embodiments, workers skilled in the art will recognize that changes may be 
made in form and detail without departing from the spirit and scope of the invention. 

What is claimed is: 
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CLAIMS 

1 . A spray processor for dispensing a fluid toward a surface of one or more 
semiconductor wafers for processing the semiconductor wafers, the spray processor 
comprising a nozzle fluidly coupled to a source of processing fluid and through which a 
stream of processing fluid is dispensed at a non-parallel angle toward the plane containing 
the surface of the semiconductor wafer. 

2. The spray processor of claim 1 , the processor further including a rotatable 
turntable on which the one or more semiconductor wafers are supported; and wherein the 
nozzle is mounted on a spray post, the spray post positioned near the center of the 
turntable, the turntable adapted to rotate independent of the spray post. 

3. The spray processor of claim 2. wherein the nozzle of the spray post is 
positioned to aim the stream of processing fluid generally toward an inner edge of the one 
or more semiconductor wafers. 

4. The spray processor of claim 3, wherein the processor includes a plurality 
of nozzles positioned on the spray post, each nozzle dispensing a stream of processing 
fluid toward a surface of the one or more semiconductor wafers at a non-parallel angle 
relative to a plane containing the surface of the semiconductor wafers. 

5. The spray processor of claim 4. wherein the processing fluid is ozonated 

water. 
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6. The spray processor of claim 5, wherein the angles at which the streams of 
ozonated water are dispensed toward a surface of a semiconductor wafer is greater than 
about 0 degrees and less than or equal to about 30 degrees. 

7. The spray processor of claim 6, wherein each of the angles at which the 
streams of ozonated water are dispensed is substantially the same. 

8. The spray processor of claim 7, wherein the angle at which the streams of 
ozonated water are dispensed toward a surface of a semiconductor wafer is about 20 
degrees. 

9. The spray processor of claim 1 , the processor further including a rotatable 
turntable on which the one or more wafers are supported, and wherein the nozzle is 
positioned on a spray post, the spray post positioned adjacent the turntable with the 
nozzle directing the stream of processing fluid over the one or more semiconductor 
wafers supported on the turntable. 

10. The spray processor of claim 9, wherein the turntable is mounted to a shaft 
about which the turntable rotates and over which the one or more semiconductor wafers 
are supported, and further wherein the nozzle of the spray post is positioned to aim the 
stream of processing fluid generally toward an edge of the wafers with sufficient 
momentum to carry the processing fluid to a point of the one or more semiconductor 
wafers positioned over the rotating shaft. 
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1 1 . The spray processor of claim 1 0 ? wherein the processor includes a plurality 
of nozzles positioned on the spray post, each nozzle dispensing a stream of processing 
fluid toward a surface of the one or more semiconductor wafers at a non-parallel angle 
relative to a plane containing the surface of the semiconductor wafer. 

12. The spray processor of claim 1 1, wherein the processing fluid is ozonated 

water. 

13. The spray processor of claim 12, wherein the angles at which the streams 
of ozonated water is dispensed is greater than about 0 degrees and less than or equal to 
about 30 degrees. 

14. The spray processor of claim 13 ? wherein each of the angles at which each 
of the streams of ozonated water are dispensed are substantially the same. 

15. The spray processor of claim 14, wherein the angle at which the streams of 
ozonated water are dispensed is about 2 degrees. 

1 6. A method for dispensing ozonated water toward a substrate surface for 
processing the substrate surface, the method comprising the steps of: 

providing a substrate having a surface to be processed that exists in a plane; and 
causing a stream of ozonated water to be directed toward the surface at an angle 
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that is inclined from the plane containing the surface, the stream of 
ozonated water impacting the surface at the angle to process the surface of 
the substrate. 

1 7. The method of claim 16, wherein: 

the step of providing a substrate includes providing a semiconductor wafer 

received and supported by a spray processor having a rotatable turntable 
and a nozzle, the nozzle fluidly coupled to a source of ozonated water, the 
semiconductor wafer having a surface that exists in a plane; and 

the step of causing a stream of ozonated water to be directed to a surface of a 
substrate includes dispensing ozonated water from the nozzle toward the 
surface of the semiconductor wafer. 

1 8. The method of claim 1 7, further including the step of rotating the turntable 
to move the semiconductor wafer into and through the stream of ozonated water. 

1 9. The method of claim 1 8, wherein the spray post is positioned near the 
center of the turntable, the stream of ozonated water being dispensed to impact a point 
near an edge of the semiconductor wafer adjacent the spray post, the rotation of the 
turntable and the semiconductor wafer distributing the ozonated water across the surface 
of the wafer. 

20. The method of claim 1 8. wherein the spray post is positioned adjacent the 
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turntable and the center of the semiconductor wafer is positioned over the axis of rotation 
of the turntable, the stream of ozonated water being dispensed to impact a region near the 
edge of the wafer with momentum to carry the ozonated water to a portion of the 
semiconductor wafer near the axis of rotation of the turntable, the rotation of the turntable 
and the semiconductor wafer distributing the ozonated water across the surface of the 
wafer. 

2 1 . The method of claim 1 8, wherein the stream of ozonated water removes a 
layer of photoresist on the surface of the semiconductor wafer. 

22 A method for removing photoresist from a semiconductor wafer, 
comprising the steps of: 

loading a semiconductor wafer onto a spray processor, the spray processor 
including a nozzle fluidly coupled to a source of processing fluid, the 
nozzle for dispensing the processing fluid toward the semiconductor wafer; 
and 

dispensing a stream of processing fluid from the nozzle toward the semiconductor 
wafer, the stream being dispensed at an angle that is non-parallel to and 
inclined from a plane containing a surface of the semiconductor wafer, the 
processing fluid impacting the surface of the semiconductor wafer at the 
angle to strip photoresist from the surface of the semiconductor wafer. 
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